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and archaeometry to history, offering an up-to-date account of research in these 
fields. 
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The folding cubit rod of Kha in Museo Egizio di Torino, S�8391

Naoko Nishimoto
Visiting Researcher, Musashino University, Japan

Abstract
Much may be inferred about item S.8391, a folding cubit rod that belonged to Kha (TT 8, 18th Dynasty), by analyzing the results of the 
measurement survey conducted in 2011 from the perspective of woodwork. 

When Schiaparelli discovered the rod, it was folded inside a leather bag with a strap. The extremely rare folding cubit rod was loved by Kha, who 
was the overseer of works in Deir el-Medina and its related sites, where it was in practical use. This rod folds in half with a simple bronze hinge 
at the center; there are absolutely no inscriptions. The carved tally marks are only rough divisions into palms and the digits, and compared 
with other rods, the cubit measure is somewhat long, so the rod’s precision was in doubt. However, a metrological argument concerning the 
differences in the values of the palms and digits is proposed based on the presumed manner in which the wooden rod was created and actually 
used. The rod’s total length is 527.6mm, not greatly different from that reported by Senigalliesi in 1961. The size of each measurement interval, 
which Senigalliesi did not report, suggests how the rod was made. The tally marks are fine white lines; the left-hand palm is 75mm long, which 
is the common measurement of one palm, subdivided into four digits that vary little in size. Taking this into account, it is unthinkable that 
the makers lacked the ability to make tally marks accurately. The variations of values were supposedly caused by the process of creating the 
hinge. The center interval, including the hinge, is especially small, at (36mm + 36mm =) 72mm. For example, if we assume a play of about 3mm, 
a commonly used value, the center interval would become 36mm + 36mm + 3mm = 75mm. The inclination of the lines and the variations in size 
indicate that tally marks were etched in the closed position. S.8391 can also be used as a half-cubit measure in a closed position, and the first 
palm on the left side can measure digits. Traces of trial and error in remaking the hinge were found. In this study, I discovered that the clever 
hinge that makes this cubit rod possible satisfies two contradictory requirements to realize this rare folding rod. The appearance of this folding 
cubit rod, with no inscriptions and purely functional design, shows that it took incalculable effort to make it a prized instrument for the owner.

Keywords
New Kingdom; metrology; Thebes; woodworking; tools

Introduction

The design processes of ancient Egyptian woodworking by 
anonymous artisans, including problems with their tools, are 
very interesting from the architectural point of view. Among the 
most interesting examples of ancient woodworking are pieces of 
ancient Egyptian furniture authenticated since the 1960s.

Superb technical drawings of Egyptian furniture have been 
produced in the past. Pioneers such as Baker and Wanscher, 
who were originally furniture makers, have bequeathed richly 
illustrated and authored books (Baker 1966; Wanscher 1980). In 
the second generation, Fischer and Killen produced valuable 
drawings (Fischer 1996; 1980-1994. See Herrmann 1996 for 
additional discussion). In addition, Eaton-Krauss discovered 
and revealed detailed scale drawings by Segal, an architect, 
who stayed in Cairo and produced them in 1935 (Eaton-Krauss 
1989: 80–6, figs 1–4; Eaton-Krauss 1995: 90–2, figs 1–6; Eaton-
Krauss 1997: 180, 183–4, figs 1–3; Eaton-Krauss 2008: 150–172, figs 
1–33). Fortunately, she deposited Segal’s drawings and notes in 
the Griffith Institute. Lovera (Leospo 1988: 154, fig. 206; Leospo 
2001: 48, fig. 43) and Nicola (Leospo 1988: 122, fig. 161; Leospo 
et al. 1989: 40–81, figs 5–11, figs 14–20, figs 40–42, figs 52–53; 
Leospo 2001: 17, fig. 2; Nicola 1983: 60–1, figs 2–8) also produced 
fine detailed drawings of items of woodwork stored in Museo 
Egizio di Torino. However, there are few sources that provide the 
essential information for a detailed study of woodwork design 
processes, such as the components’ seam lines or the size and 
position of the wooden pegs used in joinery.

Against this background, since 2000, I have surveyed and 
measured the pieces of furniture in the intact collection 
belonging to the architect Kha and his wife Merit, which 
is stored in Museo Egizio di Torino (Curto 1984; Donadoni 
Roveri 1988; Leospo 1983; Meskell 1998; Russo 2012; Scamuzzi 
1965; Schiaparelli 1927; Vassilika 2010). These items can be 

compared to those of King Tutankhamun. I believe that the 
Kha and Merit’s furniture collection is important not only 
in the study of woodwork but also for investigating the 
relationship between furniture and social roles.

From the results of the measurement survey, I first make two-
dimensional scale drawings, and then create an exploded view 
using axonometric drawings (Nishimoto 2000; Nishimoto 
2012; Nishimoto 2014). I then use the component drawings 
to demonstrate the devotion and craftsmanship of ancient 
artisans through such aspects as the form, construction 
method, joinery, and differences in the materials of each 
component, as well as mechanisms such as locks.

These pieces of furniture frequently reveal signs of repair that 
show trial and error, and these signs of repair become keys 
to understanding noteworthy problem-solving processes. At 
that time, lumber was very scarce, and parts of other artifacts 
were frequently reused. We must pay attention when traces 
of reconstruction are found. Because craftsmen who handled 
precious lumber would have been honored to be entrusted 
with such careful work, signs of repair through trial and error 
show that it was unforeseeably difficult work, even if detailed 
plans had been made by experienced artisans.

The production process of Inv. No. S.8391, a folding cubit rod, 
may be inferred by analyzing the results of the measurement 
survey in 2011 from the perspective of woodwork. In the 
following paragraphs I would like to demonstrate how this 
rod was made, with the aid of scale drawings and diagrams.

The folding cubit rod

Among the artifacts excavated from the tomb of Kha and 
Merit, there is an especially important item, even among those 
stored in Museo Egizio di Torino: the wooden folding cubit rod 
thought to have actually been used by the architect Kha (Curto 
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1984: 210; Donatelli 1988: 162, fig. 223; Goyon et al. 2004: 386; 
Schiaparelli 1927: 80, fig. 47; Senigalliesi 1961: 27, 32–3, 52, figs 4, 
14–7, Table III; St. John 2000: 30; Vassilika 2010: 78–9, 83). When 
Schiaparelli discovered it, this cubit rod was folded in a soft, 
tanned leather bag with handles. It is thought that Kha carried 
it with him at all times. His artifacts include several gifts from 
kings and high officials, indicating his social status. Kha made 
a name for himself in the age of Amenhotep II and is known 
for serving three generations of kings, including Thutmosis IV 
and Amenhotep III (Russo 2012: 23, 77–8; Trapani 2012: 159). His 
official position is inscribed on the leg of a folding stool, S.8509 
(Baker 1966: 116, fig. 156; Curto 1984: 215; Killen 1980–1994, 
vol.1: unnumbered page, in a table listing the items of Turin 
Museum; Schiaparelli 1927: 114, fig. 94; Vassilika 2010: 103–5; 
Wanscher 1980: 21), and when one considers that the original 
purpose of this stool was for outdoor use, it seems to symbolize 
the position of overseer of the (construction) works at the Great 
Palace (Russo 2012: 74). Kha was neither royal, nor a nobleman. 
However, according to Russo, he was not only the supervisor of 
the artisans of Deir el-Medina who worked on the tombs in the 
Valley of the Kings, but also so special a person that his name 
was known outside Deir el-Medina as well (Russo 2012: 78).

Recognized examples of the folding mechanism in ancient 
Egypt include folding stools from the Middle Kingdom, and a 
great number have been discovered from the New Kingdom, 
aside from the aforementioned S.8509 (Baker 1966: 135–7, 
figs 195–9; El Gabry 2014; Killen 1980–1994, vol. 1: 40–3; pls 
55-64; Wanscher 1980: 9–68). Others include a folding bed 
from the New Kingdom that King Tutankhamun carried on 
campaigns, which is a compact bed that features ingenious 
stacking and is stored in the Egyptian Museum in Cairo (Baker 
1966: 104–5, figs 136–7; Carter and Mace 1923–1933, vol. 3: 111, 
pl. 32A; Desroches-Noblecourt 1963: 184–5, figs 107a, b; Killen 

1980–1994, vol. 1: 33–4, pls 42–3, figs 15–7; Reeves 1990: 182; 
Nishimoto 2000. See also H. Carter’s Card No. 586-3 stored in 
the Griffith Institute). A model of a folding bed from the New 
Kingdom, Met No. 20.2.13a-c (Hayes 1959: 203, fig. 118; Scott 
1944: 23), is also known.

The extremely rare folding cubit rod was loved by Kha, and 
it was employed for practical use. The entire rod is divided 
into seven intervals, and the leftmost of these is subdivided 
into four. The folding mechanism is compact for carrying, its 
movements are smooth, and it is a pleasure to use.

On cubit rod S.8391, which folds in half, there are absolutely 
no inscriptions. The carved tally marks are only rough 
divisions of the palm and the digits, and the length of one 
cubit is somewhat long, so its precision was in doubt. For a 
long time, this rod was disregarded by experts as an artifact 
with limited archaeological information (Sliwa 1975: 39).

However, as we begin to re-examine how the cubit rod was 
actually used in the Valley of the Kings, a detailed inspection of 
the only practical folding cubit rod yet discovered is probably 
essential for obtaining source material when studying the 
design methods of artisans. Goyon describes the cubit rods 
for practical use, but among those, only this eccentric cubit 
rod is illustrated (Goyon et al. 2004: 386, fig. 497).

Observations

Figure 1 shows the measurement scale drawing of S.8391. 
The rod, 20mm wide and 15mm high, has a characteristic 
pentagonal cross-section with a beveled edge. The total length 
is 527.6mm, not greatly different from the measurement 
reported by Senigalliesi in 1961, which was 528.634mm 
(Senigalliesi 1961: 52, Table III).

figure 1: measurement drawing of folding cubit rod, inv. no. s.8391, museo egizio di torino.
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Senigalliesi did not report the value of each measurement 
interval; therefore, I report the values for the first time here, 
as follows.

1st digit = 18.0mm
2nd digit = 19.0mm
3rd digit = 19.0mm
4th digit = 19.0mm

1st palm = 75.0mm (18mm + 19mm + 19mm + 19mm)
2nd palm = 76.8mm
3rd palm = 75.8mm
4th palm = 72.0mm
5th palm = 76.0mm
6th palm = 76.6mm
7th palm = 75.4mm

One palm is an average length of 75.37mm, and one digit is an 
average of 18.75mm.

The heavy, deep-maroon hardwood, acacia (Schiaparelli 1927: 
80), is polished to a shine. The tally marks are notched lines, 
part of which have the remains of white pigment. With a 
clear, thin white tally mark on a hard and brightly polished 
dark-brown surface, it would have been very easy to see and 
use (Figure 2).

Museo Egizio di Torino also has Kha’s gilt cubit rod, Inv. No. 
S.8647 (Curto 1984: 210; Russo 2012: 10–3; Senigalliesi 1961: 27 
and 33–6, figs 5, 11, 18–24, Table III; Trapani 2012: 160–2, pl. 
32.1; Vassilika 2010: 17), and the famous rod of Amenemope, 
Inv. No. 6347 (Curto 1984: 263; Donatelli 1988: 163, figs 220–1; 
Hirsch 2013: 34, fig. 7; Lorenzen 1966: pl. I; Senigalliesi 1961: 
36–46, figs 6, 10, 13, and 25–30, Tables I, II and III), both of 
which have a pentagonal cross-section and are inscribed with 
hieroglyphs as votive rods. The total length of the gilt cubit 
rod is 523mm. This was a gift from Amenophis II. 

The orientation of the cubit rod, from the hieroglyphs, is such 
that the front (A) as indicated in Figure 2 is an angled surface 
(Hirsch 2013: 15, fig. 2; Schlott 1969: 43). The subdivided 
palms of Amenemope’s rod are on the right-hand side, but 
Kha’s folding rod divides one palm into four digits on the 
left-hand side. The gilt cubit rod of Kha is also subdivided 
on the left-hand side. Although Kha’s two rods have the left-
hand subdivision in common, the two show considerable 
differences in the manner of segmentation. 

On the folding cubit rod, the length of the leftmost digit is 
smaller than the others. Trapani stated with reference to the 
gilt cubit rod, ‘Yet the engraving of the last palm is traced 
at a smaller interval in comparison with the others, so that 
it is likely that its width was determined by the total length 
of the cubit’ (Trapani 2012: 161. However, note the careless 
confusion between Amenophis II and Amenophis III in 
conclusion; Trapani 2012: 167).

Construction of the folding cubit rod

An examination of the numerical measurements of the palms 
shows that the value of a palm interval on the left-hand end 
is 75mm, and the measurements of the remaining palms vary. 
These variations were supposedly caused by the process of 
creating the hinge. I will state my conjectural conclusions 
about the making of this rod and the construction of the 
folding mechanism based on the actual measurements of each 
interval of S.8391.

The values linked by arrows in Figure 3 have similar variations, 
showing the relationship of the point symmetry pivoting 
on the hinge in the center. From this, it is conjectured that 
the tally marks were notched in a closed position. It is also 
thought likely that this measure was also intended to be used 
when the rod was in a folded position.

figure 3: assumed relationship between tally marks, 
based on size.

If the values from the left-hand side are aligned, the center 
interval, including the hinge, is especially small, at (36mm + 
36mm =) 72mm.

75.0 / 76.8 / 75.8 / 36.0 / hinge / 36.0 / 76.0 / 76.6 / 75.4
(units in mm)

As mentioned above, the tallies are delicate white lines; the 
left-hand palm is 75mm, which is the common measurement 
of one palm, and it is subdivided into four digits whose 
values have little variation. Taking this into account, it is 
unthinkable that the makers lacked the ability to make tally 
marks accurately. So why are there variations in the values?

Perhaps the artisans, from experience, tried to allow play 
between the segments beforehand for the sake of the folding 
hinge, as shown in Figure 3. In woodworking terminology, 
play indicates an ‘allowance’ for dimensions, in this instance, 
the ‘clearance’ created to prevent the two segments of the 
rod from jamming against each other and interrupting its 
rotation. Even now, play is often prepared ahead of time for 
items that rotate. For example, if we assume a play of about 

figure 2: view of the end, in closed position.
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3mm, an often-used value, the center interval would become 
36mm + 3mm + 36mm =75mm. Perhaps the center interval 
was reduced because the artisan made the tally marks while 
taking the play into account. For reasons I will discuss below, 
the result was that the space allowed for play was eventually 
closed, and the interval became too small. If so, how did the 
inaccuracy of the other intervals come about?

As for the production process for making a rod to be used as a 
one-cubit measure when open and a half-cubit measure when 
closed, it is thought that a one-cubit-long rod was first made, 
which was then cut in half, and finally the hinge was made. This 
time, to prepare the aforementioned play, the artisan had to 
decide where to include the play segment. In other words, there 
was an option to shorten the half-cubit measures by half the 
length of the play, or to have the one-cubit measure extended 
by the length of the play. It is thought that the makers used a 
method of making the whole rod on the long side. Because the 
center interval was shrunk only by the length of the play, as 
mentioned above, the play-sized part was divided within the 
half cubit. If it were used to take preliminary measurements 
of materials, for example in carpentry, the thickness of a blade 
saw would be lost, so there is a rationality to its being larger to 
allow for this width in measurements.

Clever hinge

Traces of repairs were found in the locations indicated by 
arrows on the top and on both ends (Figures 1 and 2). We 
cannot overlook the fact that the repair marks are clues to the 
knowledge of the artisans and the struggle for new designs at 
the time. These signs of repair clearly show that the hinge was 
remade, as I explain in detail below.

As shown in Figure 2, Surface D is the rear, and Surface E is 
the underside. Both are surfaces that touch the ground when 
the cubit rod is opened and when it is closed. Except for these 
two, all surfaces have tally marks etched on them. Except for 
the underside, all faces are polished to a shine. I will discuss 
below the traces of fine abrasions all across the underside. 
The hinge is made up of a pair of U-shaped wire loops (Figure 
4). The top part of Figure 4 is a photograph of an attempted 
reconstruction of the cubit rod; to accommodate the hinge, 
it must have been necessary to create holes on the top of the 
hardwood rod in advance. A close inspection of the original 
hinge shows that the U-shaped wires were inserted toward 
the top surface from the underside corner of the rod; then 
their tips were bent and clinched into the rods just beneath 
the top surface (Figures 4 and 7). From observation, I realized 
that the locations of the repair marks visible on the top of the 
rod and the underside corners of the ends coincide with the 
locations of the hinge holes. It seems possible that the repair 
marks indicated by the arrows in Figures 1 and 2 are signs 
of trial and error from when the artisan reconstructed the 
hinge. We can surmise that the hinge of the folding cubit rod 
would have been an important issue for the craftsmen.

Because the hinge of the folding cubit rod in this study was 
diligently and repeatedly constructed through trial and error 
to satisfy two contradictory requirements, it is apparently 
unique among known rods from ancient and modern times.

First, I wish to summarize my observations about the folding 
mechanism. The axis of revolution must be placed on the 
outside of the rod for it to be folded. Perhaps this can be 
easily understood by looking at the hinge of any nearby door. 
If the axis of revolution is placed inside the thickness of the 
measure, the measuring rod will interfere with itself and will 
by no means be able to fold. On the other hand, if the hinge 
protrudes from the underside when the rod is open, it will 
rattle and be unstable. One can imagine that the architect 
Kha would not have accepted such an unstable and awkward 
instrument. Artisans who sought a rod with perfect contact 
even when open would have had to make it with a hinge that 
somehow does not protrude from the underside.

As shown by the arrows in the right side of Figure 5, the 
folding rod’s axis of rotation is the contact point of the two 
wires composing the hinge. The axis of rotation must be 
placed on the outside in order to fold, but if it protrudes, it 
becomes a problem when in use. I suggest that this point was 
the most serious issue.

I consider that at the beginning, the intention was to set the 
axis of rotation as close as possible to the underside. However, 
despite only being 1.8mm thick, the wires would have 
protruded. This would have been a problem. I attempted to 
reconstruct it, and confirmed that even a protrusion of 1mm 
causes it to rattle, and while it is not completely unusable, 
its stability is impaired. Here we must bear in mind that the 
artisans by no means gave up on creating a good instrument 
for Kha. Whatever difficulties they had, they somehow tried 
to achieve their goal.

Regarding the experiment that the artisans may have 
conducted to fulfill two of the contradictory conditions, I 
have shown my conjecture in Figure 5.

First the hinge was set on the outside as in (1). I think that play 
was created as well. However, while (1) could fold, it became 
a problem because the hinge protrudes from the underside. It 

figure 4: hinge of the genuine rod and the hinge 
components of the trial reproduction (upper).
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may be guessed that there were several subsequent attempts, 
but I conjecture that a gap was made by whittling the area 
around the hinge as shown in (2). Upon careful examination 
of the hinge surroundings, one can see that the edge of 
the measuring rod was slightly whittled. Nevertheless, this 
contradicts the principle of folding. The artisans whittled the 
area around the hinge and tried to embed the hinge into the 
thickness of the measuring rod, but because the axis of rotation 
was placed within the body of the rod, it could not fold and 
did not meet the essential requirement of being foldable. Thus, 
solution (3) was discovered. They created 
a slight gradient along the length of the 
underside toward the hinge.

When I observed the rod in the closed 
position, I noticed an extremely long 
and narrow triangle between the rods. 
It is conjectured that a slight slope, 
unnoticeable at first glance, was placed 
uniformly along the entire underside. 
Keeping the length of the rod and 
the thickness of the wires in mind, 
the gradient of the bottom surface is 
probably 2/1000 or 3/1000. When I 
made a scale drawing and simulated an 
actual rotation on paper, it became clear 
that the hinge would still require some 
improvement.

Upon further observation, I discovered 
that the loops of the wires used to make 
the hinge are slightly distorted. When 
I took this point into consideration, I 

succeeded in simulating rotation with method (3). I believe 
that the final key to solving the problem is the movement of 
the axis of revolution. The axis of rotation was moved slightly 
by the distortion of the loops. Figure 7 schematizes my 
conjecture concerning the principle of the clever hinge. I was 
thinking that I would like to create a model for verification, 
but when I asked artisan acquaintances, I was told that it is 
different from their usual work, and that they did not know 
how much time it would take to make the subtle adjustments. 
Currently I am waiting for a chance to make a reconstruction.

Finally, I would like to mention the signs of abrasion hidden on 
the underside (Figure 6). For the artisans to make the clever 
hinge, they would have needed to make a uniform and gentle 
slope on the bottom surface, but I imagine that this was done 
with a file because it was very delicate work (Killen 1994: 33; 
Lucas and Harris 1962: 449; Sliwa 1975: 38). I surmise that the 
countless abrasion marks are perhaps the traces of filing work. 
Regarding these abrasion marks, there is the explanation that 
they came about when Kha used the measure on top of stone. 
Certainly that is a possibility. However, there are almost 
no abrasions on the rear side, which could be considered a 
contact surface similar to the underside. Perhaps the reason 
for that must also be considered.

Yet, as with the rulers that we use every day, the special 
beveled surface with a pentagonal section is a useful shape 

figure 5: assumed techniques used by artisans and view of the underside.

figure 6: view of the underside, left-hand aspect.

figure 7: diagram of the hinge design.
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for making marks. Exactly as shown in Figure 8, it prevents 
the edge of the ruler from obstructing one’s line of sight, and 
even when moving a hand holding a writing implement along 
the ruler it is easy to use and does not touch the edge. It may 
be that this was one reason for its pentagonal cross section.

Conclusion

I measured not only the total length but each interval of S.8391 
and discovered traces of trial and error in remaking the hinge. 
I also stated points that suggest that the divisions, which were 
thought to be inaccurate, were caused by adjustments to the 
folding mechanism. 

The folding rod is easy to use, either open or closed, and one 
can imagine Kha carrying it in his hand and using it at the 
destination site to measure approximate sizes. It can be used 
as a one-cubit as well as a half-cubit measure, and the first 
palm on the left side can measure digits, which indicates 
that this instrument was a prized possession that could also 
measure the dimensions of objects encountered in daily life. 
The numerical values of the length of the segments of rod 
vary according to how the ruler was used, thus illustrating 
the high degree of precision achieved by the Egyptian artisan.

In this study, I discovered that the clever hinge that makes 
this cubit rod possible meets two contradictory requirements 
to achieve the folding mechanism and to make the rod easy 
to use. As an instrument that Kha used on site, we can guess 
how important ease of use was, and we can recognize once 
again how special the owner of this tool was from the time 
and effort required to produce it.

As I mentioned before, King Tutankhamun has the unique 
folding bed. It is very interesting that among the artifacts of the 
architect Kha, who served the grandfather of Tutankhamun, 
there was already an item with a folding mechanism that was 
created with passion.
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